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PPO

Trust region methods, target: max
𝜃

𝐽(𝜃)

• Trust region: 𝑁 𝜃𝑛𝑜𝑤 = {𝜃| 𝜃 − 𝜃𝑛𝑜𝑤 2 ≤ ∆}.

• Construct function 𝐿 𝜃|𝜃𝑛𝑜𝑤 , satisfying:

𝐿 𝜃|𝜃𝑛𝑜𝑤 is very close to 𝐽(𝜃), ∀𝜃 ∈ 𝑁 𝜃𝑛𝑜𝑤
• 𝐽(𝜃) can be replaced by 𝐿 𝜃|𝜃𝑛𝑜𝑤 when 𝜃 ∈ 𝑁 𝜃𝑛𝑜𝑤

• PPO: Proximal Policy Optimization
• In TRPO, we use KL divergence to constrain the magnitude of the update.



PPO
• PPO: Proximal Policy Optimization
• In TRPO, we use KL divergence to constrain the magnitude of the update.

Train
• Approximate

a) Present policy network parameter is 𝜃𝑛𝑜𝑤. Use 𝜋 𝑎|𝑠; 𝜃𝑛𝑜𝑤 to 
control the agent, record trajectories: 𝑠1, 𝑎1, 𝑟1, 𝑠2, 𝑎2, 𝑟2, …, 
𝑠𝑛, 𝑎𝑛, 𝑟𝑛.

b) For all t, calculate 𝑢𝑡.

c) Approximate function: ෨𝐿 𝜃|𝜃𝑛𝑜𝑤 = 1
𝑛
σ𝑡=1
𝑛 𝜋 𝑎𝑡|𝑠𝑡;𝜃

𝜋 𝑎𝑡|𝑠𝑡;𝜃𝑛𝑜𝑤
· 𝑢𝑡.

• Maximize
𝜃𝑛𝑒𝑤 = 𝑎𝑟𝑔𝑚𝑎𝑥𝜃 ෨𝐿 𝜃|𝜃𝑛𝑜𝑤 ; 𝑠. 𝑡. 𝜃 − 𝜃𝑛𝑜𝑤 2 ≤ ∆.

KL divergence

constraint



PPO
• PPO: Proximal Policy Optimization
• In TRPO, we use KL divergence to constrain the magnitude of the update.
• However, if we use gradient based optimization, it is difficult to deal with 

constraints.
• While in PPO, constraint is placed in the formula needed to be optimized:

൞
𝐽𝑃𝑃𝑂 𝜃|𝜃′ = 𝐽 𝜃|𝜃′ − 𝛽 · 𝐾𝐿(𝜃, 𝜃′)

𝐽 𝜃|𝜃′ = 𝐸 𝑠𝑡,𝑎𝑡 ~𝜋(𝜃′)
𝜋 𝑎𝑡 𝑠𝑡; 𝜃
𝜋 𝑎𝑡 𝑠𝑡; 𝜃′

𝐴(𝑠𝑡, 𝑎𝑡; 𝜃′)

• KL divergence is now in target and it’s easier to calculate.
• Note that KL divergence measures the similarity of probability 

distributions (actions) instead of parameters (𝜃 and 𝜃′).



PPO
൞

𝐽𝑃𝑃𝑂 𝜃|𝜃′ = 𝐽 𝜃|𝜃′ − 𝛽 · 𝐾𝐿(𝜃, 𝜃′)

𝐽 𝜃|𝜃′ = 𝐸 𝑠𝑡,𝑎𝑡 ~𝜋(𝜃′)
𝜋 𝑎𝑡 𝑠𝑡; 𝜃
𝜋 𝑎𝑡 𝑠𝑡; 𝜃′

𝐴(𝑠𝑡, 𝑎𝑡; 𝜃′)



PPO - penalty
• Target function: 𝐽𝑃𝑃𝑂 𝜃|𝜃𝑘 = 𝐽 𝜃|𝜃𝑘 − 𝛽 · 𝐾𝐿(𝜃, 𝜃𝑘)
• In each iteration, use 𝜃𝑘  to interact with environment and sample 𝑠𝑡, 𝑎𝑡 , 

and then update 𝜃.
• Here the problem is how to set value of 𝛽.
• Adaptive KL divergence: adjust 𝛽 dynamically.

Set a 𝐾𝐿𝑚𝑎𝑥 and a 𝐾𝐿𝑚𝑖𝑛, if 𝐾𝐿(𝜃, 𝜃𝑘)> 𝐾𝐿𝑚𝑎𝑥, it means 𝛽 · 𝐾𝐿(𝜃, 𝜃𝑘)
is too weak, then enlarge 𝛽 (and vice versa).

ቐ
𝐾𝐿 𝜃, 𝜃𝑘 > 𝐾𝐿𝑚𝑎𝑥, 𝑎𝑚𝑝𝑙𝑖𝑓𝑦 𝛽
𝐾𝐿 𝜃, 𝜃𝑘 < 𝐾𝐿𝑚𝑎𝑥, 𝑑𝑖𝑚𝑖𝑛𝑖𝑠ℎ𝛽

𝐽𝑃𝑃𝑂 𝜃|𝜃𝑘 = 𝐽 𝜃|𝜃𝑘 − 𝛽 · 𝐾𝐿(𝜃, 𝜃𝑘)

𝐽 𝜃|𝜃′ ≈ ෍
(𝑠𝑡,𝑎𝑡)

𝜋 𝑎𝑡 𝑠𝑡; 𝜃
𝜋 𝑎𝑡 𝑠𝑡; 𝜃𝑘

𝐴 𝑠𝑡, 𝑎𝑡; 𝜃𝑘



PPO - clip
• In PPO2, clipping is introduced instead of KL divergence.
• Target function: 

𝐽𝑃𝑃𝑂2 𝜃|𝜃𝑘

≈ ෍
(𝑠𝑡,𝑎𝑡)

min(
𝜋 𝑎𝑡 𝑠𝑡; 𝜃
𝜋 𝑎𝑡 𝑠𝑡; 𝜃𝑘

𝐴 𝑠𝑡, 𝑎𝑡; 𝜃𝑘 , 𝑐𝑙𝑖𝑝
𝜋 𝑎𝑡 𝑠𝑡; 𝜃
𝜋 𝑎𝑡 𝑠𝑡; 𝜃𝑘

, 1 − 𝜀, 1 + 𝜀 𝐴 𝑠𝑡, 𝑎𝑡; 𝜃𝑘 )

• clip(): 𝑐𝑙𝑖𝑝 𝜋 𝑎𝑡 𝑠𝑡; 𝜃
𝜋 𝑎𝑡 𝑠𝑡; 𝜃𝑘

, 1 − 𝜀, 1 + 𝜀 =

1 − 𝜀, 𝜋 𝑎𝑡 𝑠𝑡; 𝜃
𝜋 𝑎𝑡 𝑠𝑡; 𝜃𝑘

< 1 − 𝜀

1 + 𝜀, 𝜋 𝑎𝑡 𝑠𝑡; 𝜃
𝜋 𝑎𝑡 𝑠𝑡; 𝜃𝑘

> 1 + 𝜀

𝜋 𝑎𝑡 𝑠𝑡; 𝜃
𝜋 𝑎𝑡 𝑠𝑡; 𝜃𝑘

, 𝑒𝑙𝑠𝑒



PPO - clip

• clip(): 𝑐𝑙𝑖𝑝 𝜋 𝑎𝑡 𝑠𝑡; 𝜃
𝜋 𝑎𝑡 𝑠𝑡; 𝜃𝑘

, 1 − 𝜀, 1 + 𝜀 =

1 − 𝜀, 𝜋 𝑎𝑡 𝑠𝑡; 𝜃
𝜋 𝑎𝑡 𝑠𝑡; 𝜃𝑘

< 1 − 𝜀

1 + 𝜀, 𝜋 𝑎𝑡 𝑠𝑡; 𝜃
𝜋 𝑎𝑡 𝑠𝑡; 𝜃𝑘

> 1 + 𝜀

𝜋 𝑎𝑡 𝑠𝑡; 𝜃
𝜋 𝑎𝑡 𝑠𝑡; 𝜃𝑘

, 𝑒𝑙𝑠𝑒



PPO - clip
• Target function:

𝐽𝑃𝑃𝑂2 𝜃|𝜃𝑘 ≈ ෍
(𝑠𝑡,𝑎𝑡)

min(
𝜋 𝑎𝑡 𝑠𝑡; 𝜃
𝜋 𝑎𝑡 𝑠𝑡; 𝜃𝑘

𝐴 𝑠𝑡, 𝑎𝑡; 𝜃𝑘 , 𝑐𝑙𝑖𝑝
𝜋 𝑎𝑡 𝑠𝑡; 𝜃
𝜋 𝑎𝑡 𝑠𝑡; 𝜃𝑘

, 1 − 𝜀, 1 + 𝜀 𝐴 𝑠𝑡, 𝑎𝑡; 𝜃𝑘 )

In brief, 𝜋 𝑎𝑡 𝑠𝑡; 𝜃  is supposed to be close to 𝜋 𝑎𝑡 𝑠𝑡; 𝜃𝑘 , at the same time, if A>0, ignore
the advantage caused by over-deviation (and vice versa).



GAIL
• GAIL is based on GAN (generative adversarial network), which contains 

generator and discriminator.
• Generator is used to generate fake samples.
• Discriminator is used to determine wether a sample is fake or not.

• For example, generator generates a fake face picture, while discriminator 
determines whether it is generated by generator.

• In GAIL, data to be trained is the trajectories generated by human expert 
(imitated object):

𝜏 = [𝑠1, 𝑎1, … , 𝑠𝑚, 𝑎𝑚].
• Data set contains k trajectories, denoted as:

𝑿 = {𝜏 1 , 𝜏 2 , … , 𝜏 𝑘 }.



GAIL
• Trajectory:

𝜏 = [𝑠1, 𝑎1, … , 𝑠𝑚, 𝑎𝑚].
• Data set contains k trajectories, denoted as:

𝑿 = {𝜏 1 , 𝜏 2 , … , 𝜏 𝑘 }.
• Generator: 𝜋(𝑎|𝑠; 𝜽), 

Input: 𝑠,
Output: 𝒇 = 𝜋(· |𝑠; 𝜽).
𝑎𝑡~𝜋(· |𝑠; 𝜽), 𝑠𝑡+1~𝑝(· |𝑠𝑡, 𝑎𝑡)



GAIL
• Trajectory:

𝜏 = [𝑠1, 𝑎1, … , 𝑠𝑚, 𝑎𝑚].
• Data set contains k trajectories, denoted as:

𝑿 = {𝜏 1 , 𝜏 2 , … , 𝜏 𝑘 }.
• Discriminator: 𝐷(𝑠, 𝑎; 𝜙), 

Input: 𝑠,
Output: ෝ𝒑 = 𝐷 𝑠,· 𝜙 , element ෞ𝑝𝑎 = 𝐷 𝑠, 𝑎; 𝜙 ∈ 0,1 , ∀𝑎 ∈ 𝑨,
1 means real (human expert) and 0 means fake (generator).



GAIL
• Train:

1. Sample a trajectory from the training data set, denoted as:
2. Use 𝜋(𝑎|𝑠; 𝜃𝑛𝑜𝑤) to control the agent, getting a trajectory, denoted as:
3. Use Discriminator to determine if the actions of polity network is real:

𝑢𝑡 = 𝑙𝑛𝐷 𝑠𝑡
𝑓𝑎𝑘𝑒, 𝑎𝑡

𝑓𝑎𝑘𝑒; 𝜙𝑛𝑜𝑤 , ∀𝑡 = 1,… , 𝑛.
4. Take 𝜏𝑓𝑎𝑘𝑒 and 𝑢𝑡 as input, update the parameter of generator (policy network), getting 

𝜃𝑛𝑒𝑤:
𝜃𝑛𝑒𝑤 = 𝑎𝑟𝑔𝑚𝑎𝑥𝜃 ෨𝐿 𝜃 𝜃𝑛𝑜𝑤 ; 𝑠. 𝑡. 𝑑𝑖𝑠𝑡 𝜃𝑛𝑜𝑤, 𝜃 ≤ 𝛿.

5. Take 𝜏𝑟𝑒𝑎𝑙 and 𝜏𝑓𝑎𝑘𝑒 as input, update the parameter of discriminator, getting 𝜙𝑛𝑒𝑤:

ቐ
𝜙 ← 𝜙 − 𝜂 · ∇𝜙𝐹(𝜏𝑟𝑒𝑎𝑙, 𝜏𝑓𝑎𝑘𝑒; 𝜙)

𝐹 𝜏𝑟𝑒𝑎𝑙, 𝜏𝑓𝑎𝑘𝑒; 𝜙 = 1
𝑚
σ𝑡=1
𝑚 ln 1 − 𝐷 𝑠𝑡𝑟𝑒𝑎𝑙, 𝑎𝑡𝑟𝑒𝑎𝑙; 𝜙 + 1

𝑛
σ𝑡=1
𝑛 ln𝐷(𝑠𝑡

𝑓𝑎𝑘𝑒, 𝑎𝑡
𝑓𝑎𝑘𝑒; 𝜙)

. Loss function Smaller when D is larger Smaller when D is smaller



Thank you.


